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DESCRIPTION 

POWER SYSTEM AND MANAGEMENT METHOD THEREOF ' 

Technical Field 
[0001] 

The present invention relates to a power system 
including an electrochemical device, a load device, and a 
power generator and to a method for managing the same. 

Background Art 
[0002] 

Recently, it has been investigated to use an 
electrochemical device and a power generator in combination 
as the power source for a portable electronic device, such 
as an information device, a communication device, a visual 
device, an audio device, or a still picture device, or an 
electric vehicle. When an electrochemical device and a 
power generator are used in combination, if the amount of 
power generated by the power generator is insufficient, 
power can be supplied from the electrochemical device to a 
load device, and if the amount of power generated by the 
power generator is excessive, the excessive power can be 
charged into the electrochemical device. 
[0003] 

However, if the remaining capacity of the 



electrochemical device is small, when the amount of power 
generated by the power generator is insufficient, the 
electrochemical device cannot supply a necessary amount of 
power to the load device, so that the operation of a 
portable device or an electric vehicle becomes unstable. 
Also, if the remaining capacity of the electrochemical 
device is excessive, when the amount of power generated by 
the power generator is excessive, all the excessive power 
cannot be charged into the electrochemical device, so that 
energy is wasted. Therefore, in a power system including 
an electrochemical device, a load device, and a power 
generator, it is desired to constantly monitor the 
remaining capacity of the electrochemical device, and to 
keep the remaining capacity of the electrochemical device 
above a certain level. 
[0004] 

Referring now to FIG. 1, a description is given of a 
method for monitoring the remaining capacity of an 
electrochemical device in a conventionally proposed power 
system. FIG. 1 is a block diagram of a conventional power 
system (see Patent Document 1). The system of FIG. 1 has a 
fuel cell 30 as a power generator that supplies power to a 
load device 5. This system has a storage battery 60 as a 
back-up electrochemical device. Fuel produced by a reformer 
20 is supplied to the fuel cell. A raw material of fuel is 
supplied to the reformer 20 from a raw material tank 101. 



[0005] 

The output of the fuel cell 30 is produced by 
controlling various auxiliaries by means of an auxiliary 
controller 100. That is, the auxiliary controller 100 
controls a reaction air blower 90 that supplies air to the 
cathode of the fuel cell, a combustion air blower 80 that 
supplies air to the burner of the reformer 20, and a raw 
material pump 70 that supplies the raw material of fuel 
from the raw material tank 101 to the reformer. The value 
of current outputted from the fuel cell is detected by an 
output current detector 170. 
[0006] 

Meanwhile, the storage battery 60 is connected to 
a current detector 110 and a voltage detector 130. The 
current detected by the current detector 110 is integrated 
by an integrator 120. The detected voltage and the 
integrated current value are sent to a system controller 
150. The system controller 150 is equipped with a memory 
140, and the memory stores the target value of remaining 
capacity of the storage battery. The system controller 150 
performs a calculation based on the detected voltage value, 
the integrated current value, the target value of remaining 
capacity, and the like, and controls the auxiliary 
controller 100 based on the calculated result. The current 
value detected by the output current detector 170 and the 
calculated result produced by the system controller 150 are 



sent to a data comparator 180, where they are compared with 
each other. Based on the compared result, a regulator 160, 
which controls a DC/DC converter 40, is controlled. 
[0007] 

The above-described system can control the 
current supplied from the fuel cell to the storage battery 
and the load based on the remaining capacity of the storage 
battery. However, a circuit equipped with the current 
detector 110 and the integrator 120 is necessary, and the 
control method becomes complicated. The current detector 
is composed of a shunt resistor, a hall element or the like 
and thus costly. 
[0008] 

FIG. 2 shows a charge/discharge curve of a common 
electrochemical device . 

As shown in FIG. 2, the charge /discharge curve 
can be divided into three regions A to C. In the region B, 
a reversible charge/discharge reaction proceeds in the 
electrochemical device, but in the region C, there is a 
tendency of poor reversibility. It is thus preferred to 
utilize only the flat region B exhibiting stable output in 
a power system including an electrochemical device, a load 
device, and a power generator. 
[0009] 

However, in the flat region B, the voltage hardly 
changes, so it is difficult to utilize only the voltage in 
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order to monitor the remaining capacity of the 
electrochemical device. Also, if conditions such as a 
current value and ambient temperature are different, 
different voltage values are detected for the same 
remaining capacity. Further, even if the voltage of an 
electrochemical device is estimated by utilizing a 
parameter such as a current value, this is not useful for 
estimating the remaining capacity of the electrochemical 
device in the flat region of the charge /discharge curve. 
Accordingly, it is necessary to employ a method of 
integrating current values with respect to time 
(hereinafter referred to as current integration) to monitor 
the remaining capacity. 
[0010] 

Also, when the B region is not completely flat 
and its inclination is gentle, utilizing only the voltage 
for monitoring the remaining capacity of an electrochemical 
device requires a high level of voltage detection accuracy. 
It also requires accuracy in detecting a parameter 
necessary for correction. However, trying to achieve such 
accuracy results in high costs. On the other hand, if the 
accuracy is poor, it is not possible to correctly monitor 
the remaining capacity based on the voltage. Therefore, 
current integration eventually becomes necessary to 
correctly determine the remaining capacity of the 
electrochemical device . 



[0011] 

Meanwhile, if an electrochemical device is fully- 
charged (until the remaining capacity becomes 100%) and the 
integrated current value is reset to 100%, this reset 
eliminates integration errors. Performing this operation 
periodically makes it possible to monitor the remaining 
capacity with relatively good accuracy. 
[0012] 

In the case of the system of FIG. 1 # when the 
electrochemical device is in a fully charged state or a 
fully discharged state, if the system controller 150 is 
caused to recognize the remaining capacity of the 
electrochemical device as 100% or 0%, the remaining 
capacity can be reset. With the remaining capacity after 
reset being stored, by starting integration of 
charge/discharge current of the electrochemical device, the 
measurement accuracy of the remaining capacity can be 
heightened. 
[0013] 

It should be noted, however, that the amount of 
power consumed by the load device (energy demand) may vary 
constantly and is unpredictable. The operation of the load 
device may abruptly stop. In this case, if the 
electrochemical device is fully charged to make the 
remaining capacity to 100%, the electrochemical device is 
unable to absorb power generated by the power generator, so 



that the energy is lost. Such energy loss is particularly 
significant in a system including a power generator, such 
as a fuel cell, which needs considerable time to stop. 
Conversely, when the electrochemical device is fully 
discharged until the remaining capacity becomes 0% in order 
to reset the integrated current value, it is unable to cope 
with a rapid increase in the amount of power consumed by 
the load device. Also, if the system is stopped with the 
remaining capacity being 0%, the system may be unable to be 
started the next time. 
[0014] 

For example, in the case of electric vehicles and 
hybrid vehicles, a full charge of the electrochemical 
device is avoided such that the electrochemical device can 
collect regenerative energy produced when the vehicle is 
decelerated. Also, a full discharge of the electrochemical 
device is avoided such that the electrochemical device can 
make up for a shortage of energy needed upon acceleration. 
In this way, the system continues to operate based on 
current integrals, voltage values and the like, without 
being able to make the remaining capacity to 100% or 0% to 
reset the remaining capacity. 

Patent Document 1 : Japanese Laid-Open Patent 
Publication No. Hei 1-211860 (FIG. 1 and FIG. 3) 



Disclosure of Invention 
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Problem That the Invention Is to Solve 
[0015] 

It has been examined to apply the above -described 
conventional system to charge/discharge management standard 
for electrochemical devices for use in portable electronic 
appliances (e.g., smart batteries used in notebook personal 
computers) and charge/discharge control of electrochemical 
devices for use in electric vehicles. 
[0016] 

However, such conventional systems require 
complicated operations to accurately monitor the remaining 
capacity of electrochemical devices. First, it is 
necessary not only to detect voltage values but also to 
detect current values and perform integration thereof with 
respect to time. Second, it is necessary to detect various 
parameters with high speed to correct integration errors. 
Third, due to the need to respond to rapid load variations, 
it is necessary to set a sample rate at which current is 
detected to a high level. Thus, the circuit becomes 
complicated and costly. Also, during the operation of the 
system, it is necessary to constantly perform current 
integration, and, accordingly, the amount of power 
consumption increases . 
[0017] 

Further, in conventional systems, reset of 
integrated current cannot be carried out over an extended 
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period of time, so that integration errors gradually 
increase. Hence, even if one believes that the remaining 
capacity is maintained in a certain range, it may be 
actually approaching a fully charged state or a fully 
discharged state. Thus, the reliability, maintainability 
and safety of the system may be impaired. To improve such 
situation, complicated circuit structure is necessary, 
thereby resulting in high costs. Also, as the number of 
necessary components increases, the possibility of failure 
also increases . 
[0018] 

In view of the above, the present invention is 
directed to a power system including an electrochemical 
device, a load device, and a power generator, and mainly 
intends to monitor the remaining capacity of the 
electrochemical device in a relatively easy manner while 
simplifying the control for maintaining the remaining 
capacity of the electrochemical device constantly in a 
certain range. 

Means for Solving the Problem 
[0019] 

The present invention relates to a power system 
including: an electrochemical device; a load device; a 
power generator;, and a charge /discharge controller of the 
electrochemical device . The electrochemical device 
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includes a positive electrode, a negative electrode, and a 
liquid electrolyte or a solid electrolyte. The 
charge/ discharge curve of the electrochemical device has at 
least one step, and a given step of the at least one step 
has an inflection point. A voltage corresponding to the 
inflection point or a point adjacent to the inflection 
point is set as a threshold value. The charge/discharge 
controller is configured to control charge/discharge of the 
electrochemical device such that the voltage of the 
electrochemical device approaches the threshold value. 
[0020] 

In one mode of the present invention, the power 
system has a comparator that compares the voltage of the 
electrochemical device with the threshold value. In this 
case, based on an output of the comparator, the 
charge/discharge controller causes the electrochemical 
device to be charged when the voltage is lower than the 
threshold value and causes the electrochemical device to be 
discharged when the measured voltage is higher than the 
threshold value. 
[0021] 

In another mode of the present invention, the 
power system has a comparator that compares the voltage of 
the electrochemical device with the threshold value and a 
remaining capacity detector that calculates a remaining 
capacity of the electrochemical device based on an output 
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of the comparator. In this case, based on an output of the 
remaining capacity detector, the charge/discharge 
controller causes the electrochemical device to be charged 
when the remaining capacity is less than the remaining 
capacity corresponding to the threshold value and causes 
the electrochemical device to be discharged when the 
remaining capacity is greater than the remaining capacity 
corresponding to the threshold value* When the remaining 
capacity is equal to the remaining capacity corresponding 
to the threshold value, for example, charge or discharge 
may be arbitrarily selected, or neither charge nor 
discharge may be performed. 
[0022] 

The charge /discharge curve of the electrochemical 
device varies depending on the charge /discharge conditions 
of the electrochemical device, for example current value, 
temperature, and internal impedance. It is thus desirable 
to correct the remaining capacity according to the 
charge/discharge conditions of the electrochemical device. 
That is, the power system of the present invention 
preferably has : a parameter detector that detects at least 
one parameter selected from the group consisting of 
charge/discharge current, temperature and internal 
impedance of the electrochemical device; and a field 
adjustor that adjusts the relation between the voltage of 
the electrochemical device and the threshold value or the 
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relation between the remaining capacity of the 
electrochemical device and the threshold value based on the 
detected parameter. 
[0023] 

The power system of the present invention 
preferably has a function of resetting the remaining 
capacity of the electrochemical device to a predetermined 
value corresponding to the threshold value when it 
determines the voltage of the electrochemical device to be 
equal to the threshold value. Alternatively, the power 
system of the present invention preferably has: a step 
detector that detects, based on the voltage of the 
electrochemical device, that the electrochemical device has 
a remaining capacity close to that corresponding to the 
step; and a current integrator that performs current 
integration near the step, and it preferably has a function 
of resetting the remaining capacity of the electrochemical 
device to a predetermined value corresponding to the 
threshold value when it determines the rate of voltage 
change relative to capacity change: Ac obtained by current 
integration: Av/Ac to be equal to Av/Ac at the threshold 
value that has been predetermined depending on 
charge /discharge current . 
[0024] 

The electrochemical device gradually deteriorates 
with repetitive charge/discharge. Also, due to the 
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deterioration of the electrochemical device, the 
charge/discharge curve shrinks, so that the scale of the 
step also shrinks. Hence, the power system of the present 
invention preferably has a corrector that corrects the 
remaining capacity of the electrochemical device based on 
the scale of the step that is determined from a current 
integral near the step. 
[0025] 

In the power system of the present invention, the 
threshold value of voltage is preferably set to a voltage 
range in which the remaining capacity of the 
electrochemical device is 80 to 90 % of a nominal capacity. 
[0026] 

When the maximum discharge capacity is defined as 
1, the absolute value of the rate of change of voltage (V) 
relative to capacity: Av/Ac preferably has a maximum 
value of 1 to 10 in the step for which the threshold value 
is set. 
[0027] 

The charge /discharge controller desirably 
controls charge/discharge of the electrochemical device 
such that at least a part of a difference between an amount 
of power generated by the power generator and an amount of 
power consumed by the load device is supplied or stored. 
Specifically, when the charge /discharge controller has a 
power difference determining unit that determines a 
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difference between an amount of power generated by the 
power generator per unit time and an amount of power 
consumed by the load device per unit time, the 
charge/ discharge controller controls charge/discharge of 
the electrochemical device while controlling the amount of 
power generated by the power generator per unit time based 
on an output of the power difference determining unit. 

The electrochemical device may be charged by 
utilizing regenerative energy from the load device. 
[0028] 

In order to obtain a charge/discharge curve 
having at least one step, at least one selected from the 
positive electrode and the negative electrode desirably 
contains a compound having a structure represented by the 
general formula (1): 
[0029] 

[Chemical formula 1] 




[0030] 

where each of R 1 and R 2 is independently a chain 
or cyclic aliphatic group, R 1 and R 2 may be the same or 
different, each of X 1 to X 4 is independently a sulfur atom, 
an oxygen atom or a tellurium atom, X 1 to X 4 may be the same 



15 



or different, and the aliphatic group may contain one or 
more selected from the group consisting of an oxygen atom, 
a nitrogen atom, a sulfur atom, a silicon atom, a 
phosphorus atom and a boron atom. 
[0031] 

The present invention also pertains to a method 
for managing a power system that includes an 
electrochemical device, a load device, and a power 
generator. The electrochemical device includes a positive 
electrode, a negative electrode, and a liquid electrolyte 
or a solid electrolyte. The charge/discharge curve of the 
electrochemical device has at least one step, and a given 
step of the at least one step has an inflection point. A 
voltage corresponding to the inflection point or a point 
adjacent to the inflection point is set as a threshold 
value. This method has the step of controlling 
charge /discharge of the electrochemical device such that 
the voltage of the electrochemical device approaches the 
threshold value. 
[0032] 

As the charge/discharge controlling step, first, 
the present invention proposes the steps of: measuring a 
voltage of the electrochemical device; comparing the 
measured voltage with the threshold value; and charging the 
electrochemical device when the measured voltage is lower 
than the threshold value and discharging the 
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electrochemical device when the measured voltage is higher 
than the threshold value. When the voltage is equal to the 
threshold value, for example, charge or discharge may be 
arbitrarily selected, or neither charge nor discharge may 
be performed. 
[0033] 

As the charge /discharge controlling step, second, 
the present invention proposes the steps of : measuring a 
voltage of the electrochemical device; comparing the 
measured voltage with the threshold value; calculating a 
remaining capacity of the electrochemical device based on 
the compared result; and charging the electrochemical 
device when the remaining capacity is less than the 
remaining capacity corresponding to the threshold value and 
discharging the electrochemical device when the remaining 
capacity is greater than the remaining capacity 
corresponding to the threshold value. When the voltage is 
equal to the threshold value, for example, charge or 
discharge may be arbitrarily selected, or neither charge 
nor discharge may be performed. 
[0034] 

Preferably, the management method of the present 
invention also has: the step of resetting the remaining 
capacity of the electrochemical device to a predetermined 
value corresponding to the threshold value when the voltage 
of the electrochemical device is determined to be equal to 



17 



the threshold value; or the step of performing current 
integration near the threshold value and resetting the 
remaining capacity of the electrochemical device to a 
predetermined value corresponding to the threshold value 
when the rate of voltage change relative to capacity 
change: Ac obtained by the current integration: Av/Ac is 
determined to be equal to Av/Ac at the threshold value 
that has been predetermined depending on charge /discharge 
current . 

Effects of the Invention 
[0035] 

According to the present invention, in a power 
system including an electrochemical device, a load device, 
and a power generator, the remaining capacity of the 
electrochemical device can be monitored in a relatively 
easy manner and, further, control can be easily exercised 
to maintain the remaining capacity of the electrochemical 
device constantly in a certain range. That is, the 
structure of the power system can be simplified compared 
with conventional structure. Also, according to the 
present invention, it is possible to provide a system that 
is improved in reliability, maintainability and safety 
without shortening the life of the electrochemical device. 
[0036] 

When the charge/discharge curve of the 
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electrochemical device has at least one step, the voltage 
of the electrochemical device changes significantly near 
the step. It is thus easy to determine whether the voltage 
is larger or smaller than a threshold value that is set at 
the inflection point of the step or its adjacent point. 
Also, at the inflection point of the step or its adjacent 
point, there are small variations in the remaining capacity 
of the electrochemical device. Thus, by determining the 
remaining capacity corresponding to the threshold value in 
advance and using the determined remaining capacity as 
reference, the remaining capacity can be calculated almost 
accurately. Also, by controlling charge /discharge such 
that the voltage approaches the threshold value, the 
remaining capacity can be maintained in a certain range 
almost accurately. As a result, making various corrections 
is not essential for determining the remaining capacity. 
Also, performing current integration is not essential 
either . 
[0037] 

Further, in the case of correcting the remaining 
capacity, correction can be made with a higher accuracy 
than conventional one. When the voltage of the 
electrochemical device or the rate of voltage change 
(Av/Ac) becomes equal to the threshold value or Av/Ac at 
the threshold value, the remaining capacity of the 
electrochemical device is reset to a predetermined value, 
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and this makes it possible to eliminate errors such as 
integration errors. Also, Ac can be obtained simply by 
performing current integration near the step, and there is 
no need to continuously perform current integration. 
[0038] 

If integration errors are eliminated, it is also 
possible to omit precautions against overcharge and 
overdischarge resulting from integration errors. That is, 
there is no need to provide an additional circuit. Hence, 
it is possible to construct a system with a simple 
structure but having excellent reliability, maintainability 
and stability. 

Brief Description of Drawings 
[0039] 

FIG. 1 is a block diagram of a conventional power 

system; 

FIG. 2 shows a charge/discharge curve of an 
electrochemical device included in the conventional power 
system; 

FIG. 3 shows an exemplary charge/discharge curve 
of an electrochemical device included in a power system of 
the present invention; 

FIG. 4 is a block diagram of a power system 
according to Embodiment 1 of the present invention; 

FIG. 5 is a block diagram of a power system 
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according to Embodiment 2 of the present invention; and 

FIG. 6 is a block diagram of a power system 
according to Embodiment 3 of the present invention. 

Best Mode for Carrying Out the Invention 
[0040] 

Embodiment 1 

The present invention relates to a power system 
including a power generator, an electrochemical device, a 
load device, and a charge/discharge controller and to a 
management method thereof. 

The present invention is particularly effective 
when using a power generator, such as a fuel cell, which 
cannot readily and quickly increase or decrease the amount 
of power generation in response to variations in power 
demand by the load device. This is because, according to 
the present invention, the difference between the amount of 
power generated by the power generator and the amount of 
power consumed by the load device can be offset by 
charge /discharge of the electrochemical device. It should 
be noted, however, that the power generator is not 
particularly limited. Other preferable power generators 
include solar batteries and generators driven by vehicle 
engine. 
[0041] 

The electrochemical device is not particularly 
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limited and any device capable of electrical 
charge/discharge may be used. Such examples include 
lithium ion secondary batteries, alkaline storage batteries, 
and lead- acid batteries. 
[0042] 

The load device is not particularly limited, but 
the present invention is particularly effective when using 
a load device, such as a small- sized portable appliance or 
an electric vehicle, whose power consumption varies 
significantly during operation. 
[0043] 

The charge /discharge curve of the electrochemical 
device used in the present invention has at least one step. 
The presence or absence of a step can also be ascertained 
from the charge/discharge curve. In the case of 1 C rate 
charge/discharge, the rate of voltage change in the step is 
preferably 300 mV or more per capacity change of 10% of the 
nominal capacity. Also, in the case of 0.1 C rate 
charge/discharge, the rate of voltage change in the step is 
preferably 200 mV or more per capacity change of 10% of the 
nominal capacity. For example, when the electrochemical 
device is a battery with a nominal capacity of 2000 mAh, 
during the period in which the battery is discharged at a 
1 C rate and the capacity of the battery changes by 10% 
(200 mAh), the battery voltage desirably changes by 300 mV 
or more. Also, during the period in which the battery is 
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discharged at a 0 . 1 C rate and the capacity of the battery 
changes by 10%, the battery voltage desirably changes by 
200 mV or more. 
[0044] 

Also, when the maximum discharge capacity of the 
electrochemical device is defined as 1, the absolute value 
of the rate of change of voltage (V) relative to capacity: 
Av/Ac preferably has a maximum value of 1 to 10, or 
further, 1 to 7 in the step for which a threshold value is 
set . 
[0045] 

The charge/discharge controller controls 
charge /discharge of the electrochemical device such that 
the voltage of the electrochemical device approaches a 
predetermined threshold value. The threshold value of 
voltage is set at the inflection point or its adjacent 
point of a given step of the charge/discharge curve of the 
electrochemical device. The configuration of the 
charge/discharge controller is not particularly limited and 
various electronic circuits and the like may be used. 
[0046] 

According to one mode of the present invention, 
the power system has a comparator that compares the voltage 
of the electrochemical device with the threshold value. 
The comparator periodically measures the voltage of the 
electrochemical device and compares the measured voltage 
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with the threshold value. The comparator first measures 
the voltage of the electrochemical device. The measured 
voltage is then compared with the threshold value stored in 
a predetermined memory means. Upon comparison, if the 
voltage is lower than the threshold value, the 
electrochemical device is charged according to the 
instruction of the charge /discharge controller. As a 
result, the voltage of the electrochemical device rises 
toward the threshold value. On the other hand, if the 
voltage is higher than the threshold value, the 
electrochemical device is discharged according to the 
instruction of the charge/discharge controller. As a 
result, the voltage of the electrochemical device lowers 
toward the threshold value. If the voltage is equal to the 
threshold value, charge or discharge is arbitrarily 
selected according to the instruction of the 
charge /discharge controller. It is preferred to select 
charge when the electrochemical device is being charged 
upon the output of the comparison result and to select 
discharge when the electrochemical device is being 
discharged upon the output of the comparison result . 
[0047] 

According to another mode of the present 
invention, the power system has a comparator that compares 
the voltage of the electrochemical device with the 
threshold value, and a remaining capacity detector that 
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calculates the remaining capacity of the electrochemical 
device based on the output of the comparator. The 
comparator first measures the voltage of the 
electrochemical device. The measured voltage is compared 
with the threshold value stored in a predetermined memory 
means. The output of the comparator is transmitted to the 
remaining capacity detector. 
[0048] 

When the voltage is higher than the threshold 
value, the remaining capacity of the electrochemical device 
is higher than the remaining capacity corresponding to the 
threshold value in terms of probability. On the other hand, 
when the voltage is lower than the threshold value, the 
remaining capacity of the electrochemical device is less 
than the remaining capacity corresponding to the threshold 
value in terms of probability. Therefore, by using the 
remaining capacity corresponding to the threshold value as 
reference, the remaining capacity detector can calculate 
the remaining capacity almost accurately. The relation 
among the voltage, the threshold value, and the remaining 
capacity, for example, is stored in a predetermined memory 
means. If the remaining capacity is less than the 
remaining capacity corresponding to the threshold value, 
the electrochemical device is charged according to the 
instruction of the charge/discharge controller. If the 
remaining capacity is greater than the remaining capacity 
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corresponding to the threshold value, the electrochemical 
device is discharged according to the instruction of the 
charge/discharge controller. If the remaining capacity is 
equal to the remaining capacity corresponding to the 
threshold value, charge or discharge is arbitrarily 
selected in the same manner as in the above. 
[0049] 

For setting the threshold value, a system user 
may determine a threshold value in advance and the 
determined threshold value may be stored in a predetermined 
memory means, for example, part of the hardware of the 
comparator. Alternatively, the comparator may have a 
function of automatically setting a threshold value. In 
this case, the comparator may have a function of, for 
example, monitoring the voltage of the electrochemical 
device during charge or discharge, detecting the inflection 
point at which the absolute value of the rate of voltage 
change: Av/Ac becomes relatively high, and setting a 
threshold value relative to the inflection point. 
[0050] 

The threshold value may be set at the inflection 
point or may be set at a point adjacent to the inflection 
point (a point having a voltage difference of AVx from the 
inflection point). However, the threshold value is 
preferably in the voltage range in which the remaining 
capacity of the electrochemical device is 80 to 90 % of the 
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nominal capacity. This is because the electrochemical 
device desirably has a margin (rechargeable capacity) while 
maintaining sufficient output voltage and capacity. When 
the voltage difference Avx is commensurate with the 
capacity change Ac of the electrochemical device, Ac 
preferably corresponds to 10% or less of the nominal 
capacity. If Ac is too large, there is a large alienation 
between the inflection point and the threshold value, so 
that the determination of the remaining capacity will 
gradually involve errors . 
[0051] 

According to the above-described control, the 
charge/discharge of the electrochemical device is 
controlled such that the voltage of the electrochemical 
device approaches the threshold value. Also, when the 
threshold value is set in the voltage range in which the 
remaining capacity of the electrochemical device is 80 to 
90 % of the nominal capacity, the remaining capacity of the 
electrochemical device will approach 80 to 90 % of the 
nominal capacity. 
[0052] 

FIG. 3 is an exemplary charge/discharge curve of 
an electrochemical device used in a power system of the 
present invention. The ordinate represents the voltage of 
the electrochemical device, while the abscissa represents 
the remaining capacity (or charge/discharge time) of the 
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electrochemical device. 

FIG. 4 is a block diagram of an exemplary power 
system of the present invention. This power system has a 
power generator 31, an electrochemical device 32, and a 
load device 33, and the charge/discharge of the 
electrochemical device 32 is controlled by a 
charge/discharge controller 34. 
[0053] 

A charge/discharge curve A has one step, with an 
inflection point P at the substantially central part of the 
step. Also, at the inflection point P, the remaining 
capacity is 50%. However, the charge /discharge curve is 
not limited to such shape and may have a plurality of steps. 
This is because the shape of the charge/discharge curve 
varies according to the kind of the electrochemical device, 
and focusing on any one of the plurality of steps can 
produce the effects of the present invention. 
[0054] 

The charge/discharge curve of the electrochemical 
device may vary according to the operating environment of 
the electrochemical device and the current value. In 
FIG. 3, the charge/discharge curve A is an average 
charge/discharge curve. A curve Al and a curve A2 
represent the lower and upper limits of the range of 
variation, respectively. Near the step, the curve Al and 
the curve A2 pass through a point P x and a point P 2 , which 
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have the same voltage as the inflection point P of the 
charge/discharge curve A. It can be judged that the 
remaining capacities corresponding to the point P x and the 
point P 2 are substantially 50%. 
[0055] 

When the electrochemical device has a 
charge /discharge curve as illustrated in FIG. 3 and the 
voltage at the point P is set as the threshold value, a 
comparator 35 in FIG. 4 monitors the voltage of an 
electrochemical device 32 and compares the monitored 
voltage with the voltage at the point P. The voltage at 
the point P is applied to the comparator 35 by a reference 
power source 36 as the threshold value. The voltage of the 
electrochemical device may be converted by an AD converter, 
and the resultant digital data may be used in a subsequent 
process or may be converted to analog data midway through 
the process. 
[0056] 

Next, based on the output of the comparator 35, a 
remaining capacity detector 37 calculates whether the 
remaining capacity is 50% or more, or less than 50%. Based 
on the output of the remaining capacity detector 37, the 
charge/ discharge controller 34 switches between charge and 
discharge of the electrochemical device 32 to make the 
remaining capacity of the electrochemical device 32 
approach 50%. 
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[0057] 

The above description with reference to FIGs . 3 
to 4 has been made of the case where the inflection point 
of the charge/discharge curve corresponds to a remaining 
capacity of 50%; however, the rechargeable capacity of the 
electrochemical device is sufficient if the energy produced 
when the power generator is stopped can be absorbed. In 
actuality, the inflection point of the charge/discharge 
curve desirably corresponds to a remaining capacity of 80 
to 90 % in terms of improving the energy supply capability 
of the system. However, when the system is applied to an 
electric vehicle such as an electric car, the 
electrochemical device needs to have a margin large enough 
to absorb regenerative energy from the load device. The 
threshold value for managing the remaining capacity varies 
according to the kind of the electrochemical device, 
connecting ways of respective components, etc. 
[0058] 

To heighten the energy efficiency of the system, 
it is preferred to control the charge/discharge of the 
electrochemical device such that the electrochemical device 
supplies or stores at least a part of the difference 
between the amount of power generated by the power 
generator and the amount of power consumed by the load 
device . 

For this purpose, it is effective that the 
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charge /discharge controller has a power difference 
determining unit that determines the difference between the 
amount of power generated by the power generator per unit 
time and the amount of power consumed by the load device 
per unit time, and that based on the output of the power 
difference determining unit, the charge/ discharge 
controller controls the charge/discharge of the 
electrochemical device while controlling the amount of 
power generated by the power generator per unit time. 
[0059] 

The electrochemical device is controlled by the 
charge /discharge controller such that it always has a 
rechargeable capacity. Thus, when the amount of power 
generated by the power generator per unit time exceeds the 
amount of power consumed by the load device per unit time, 
extra power can be charged into the electrochemical device. 
If the remaining capacity of the electrochemical device 
becomes high, the charge/discharge controller issues an 
instruction to discharge the electrochemical device. The 
instruction is sent to, for example, a power generation 
controller that controls the amount of power generated by 
the power generator per unit time. 
[0060] 

On the other hand, when the amount of power 
generated by the power generator per unit time is less than 
the amount of power consumed by the load device per unit 
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time, the shortage of power can be made up for by the 
discharge of the electrochemical device. If the remaining 
capacity of the electrochemical device becomes small, the 
charge /discharge controller issues an instruction to charge 
the electrochemical device, and the instruction is sent to 
the power generation controller. Also, instead of 
increasing the amount of power generated by the power 
generator per unit time, it is also possible to store 
regenerative energy from the load device in the 
electrochemical device . 
[0061] 



the electrochemical device and the remaining capacity can 
be set freely by varying the design of the electrochemical 
device. For example, by using materials represented by the 
general formula: 
[0062] 



[0063] 

singly or in combination of two or more of them as active 
material of the positive electrode and/or negative 
electrode of the electrochemical device, it is possible to 
provide the charge /discharge curve with a desired step. 



The correlation between the inflection point of 



[Chemical formula 2] 
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In the above formula, each of R 1 and R 2 is 
independently a chain or cyclic aliphatic group, R 1 and R 2 
may be the same or different, each of X 1 to X 4 is 
independently a sulfur atom, an oxygen atom or a tellurium 
atom, X 1 to X 4 may be the same or different, and the 
aliphatic group may contain one or more selected from the 
group consisting of an oxygen atom, a nitrogen atom, a 
sulfur atom, a silicon atom, a phosphorus atom, a boron 
atom and a halogen atom. 
[0064] 

The position and number of the step(s) in the 
charge/discharge curve can be controlled, for example, by 
changing R 1 , R 2 , and X 1 to X 4 . Specific examples of 
compounds represented by the above-mentioned general 
formula include the following. 
[0065] 

[Chemical formula 3] 




[0066] 

In the above formula, each of R 1 to R 4 is 
independently a chain or cyclic aliphatic group, a hydrogen 
atom, a hydroxyl group, a cyano group, an amino group, a 
nitro group or a nitroso group, R 1 to R 4 may be the same or 
different, and the aliphatic group may contain one or more 
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selected from the group consisting of an oxygen atom, a 
nitrogen atom, a sulfur atom, a silicon atom, a phosphorus 
atom, a boron atom and a halogen atom. 
[0067] 

[Chemical formula 4] 




[0068] 

In the above formula, each of R 1 and R 2 is 
independently a chain or cyclic aliphatic group, a hydrogen 
atom, a hydroxyl group, a cyano group, an amino group, a 
nitro group or a nitroso group, R 1 and R 2 may be the same 
or different, X is a sulfur atom, an oxygen atom or a 
tellurium atom, and the aliphatic group may contain one or 
more selected from the group consisting of an oxygen atom, 
a nitrogen atom, a sulfur atom, a silicon atom, a 
phosphorus atom, a boron atom and a halogen atom. 
[0069] 

[Chemical formula 5] 




[0070] 

In the above formula, each of X and Y is 
independently a sulfur atom, an oxygen atom or a methylene 
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group, and X and Y may be the same or different. 
[0071] 

[Chemical formula 6] 




independently a chain or cyclic aliphatic group, a hydrogen 
atom, a hydroxyl group, a cyano group, an amino group, a 
nitro group or a nitroso group, R 1 and R 2 may be the same 
or different, the aliphatic group may contain one or more 
selected from the group consisting of an oxygen atom, a 
nitrogen atom, a sulfur atom, a silicon atom, a phosphorus 
atom, a boron atom and a halogen atom, and n is equal to or 
greater than 1 . 
[0073] 

[ Chemical formula 7 ] 




[0074] 

Embodiment 2 

This embodiment describes a power system equipped 
with a parameter detector that detects a parameter other 
than the voltage of an electrochemical device, and a field 
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adjustor that adjusts, based on the detected parameter, the 
relation between the voltage of the electrochemical device 
and the threshold value or the relation between the 
remaining capacity of the electrochemical device and the 
threshold value. This embodiment also describes a 
management method thereof. 
[0075] 

As shown in FIG. 3, the charge/discharge curve 
changes depending on the charge/discharge condition of the 
electrochemical device. Thus, it is preferred to adjust 
the relation between the voltage of the electrochemical 
device and the threshold value or the relation between the 
remaining capacity of the electrochemical device and the 
threshold value depending on the charge/ discharge condition 
of the electrochemical device. Such adjustment can be made 
by utilizing a parameter other than the voltage of the 
electrochemical device . 
[0076] 

Examples of parameters other than the voltage of 
the electrochemical device include charge /discharge current, 
temperature, and internal impedance. It is desirable to 
obtain a function or a map that relates such a parameter 
with the remaining capacity of the electrochemical device, 
the voltage thereof , and the threshold value in advance and 
store it in a field adjustor. 
[0077] 
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FIG. 5 is a block diagram of an exemplary power 
system equipped with a parameter detector that detects a 
parameter other than voltage and a field adjustor that 
adjusts, based on the detected parameter, the relation 
between the remaining capacity of the electrochemical 
device and the threshold value- This power system has the 
same configuration as that of the power system of 
Embodiment 1 except that it has the parameter detector and 
the field adjustor. Specifically, this power system 
includes a power generator 51, an electrochemical device 52, 
and a load device 53, and the charge /discharge of the 
electrochemical device 52 is controlled by a 
charge /discharge controller 54. A comparator 55 monitors 
the voltage of the electrochemical device 52 and compares 
the voltage with the threshold value. The threshold value 
is applied to the comparator 55 by a reference power source 
56. 

[0078] 

A field adjustor comprises a correction standard 
calculator 58 and a correction value calculator 59. Also, 
the correction standard calculator 58 is in communication 
with parameter detectors, i.e., a temperature detector 503 
and a current meter 504. Specifically, the electrochemical 
device 52 is fitted with the temperature detector 503 such 
as a thermocouple, and further, the current meter 504 is 
connected to the electrochemical device 52 in series. Each 
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of the temperature detector 503 and the current meter 504 
is in communication with the correction standard calculator 
58, which is included in a remaining capacity detector 57. 
The correction standard calculator 58 stores a function 
that relates the parameters with the remaining capacity of 
the electrochemical device. The correction standard 
calculator 58 calculates correction standard by 
substituting the detected parameters into the above- 
mentioned function. The resultant correction standard is 
sent to the correction value calculator 59. 
[0079] 

Based on the output of the comparator 55, the 
remaining capacity detector 57 outputs the remaining 
capacity of the electrochemical device. The output is sent 
to the correction value calculator 59. The correction 
value calculator 59 corrects the output of the remaining 
capacity by using the correction standard. Based on the 
corrected remaining capacity, the charge/discharge 
controller 54 switches between charge and discharge of the 
electrochemical device 52 to make the remaining capacity 
approach the predetermined value. 

[0080] 

Embodiment 3 

This embodiment describes a power system having a 
function of resetting the remaining capacity of an 
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electrochemical device to a predetermined value 
corresponding to a threshold value when the voltage of the 
electrochemical device is determined to be equal to the 
threshold value or when the rate of voltage change relative 
to the capacity of the electrochemical device: Av/Ac is 
determined to be equal to Av/Ac at the threshold value 
that has been predetermined depending on charge/discharge 
current. This embodiment also describes a management 
method thereof . 
[0081] 

As shown in FIG. 3, near the threshold value, the 
remaining capacity of the electrochemical device does not 
change significantly. Also, the remaining capacity at the 
threshold value can be determined in advance. Usually, 
there is an error between the remaining capacity of the 
electrochemical device determined by the power system and 
the actual remaining capacity, and this error increases 
with time. In this case, the error can be eliminated or 
reduced by resetting the remaining capacity of the 
electrochemical device to a predetermined value 
corresponding to the threshold value when the voltage of 
* the electrochemical device is determined to be equal to the 
threshold value. 
[0082] 

FIG. 3 shows that although the voltage values at 
the inflection points of curves A, Al and A2 are different, 
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the rates of voltage change at these inflection points are 
almost the same. This indicates that even if the operation 
environment or operation frequency of the electrochemical 
device is changed, the actually measured rate of voltage 
change is unlikely to change. Therefore, the remaining 
capacity of the electrochemical device may be reset to a 
predetermined value when the actually measured Av/Ac is 
determined to be equal to the Av/Ac at the threshold 
value, rather than when the voltage of the electrochemical 
device is determined to be equal to the threshold value. 
When the Av/Ac at the threshold value changes depending 
on the charge /discharge current, the relation between the 
charge /discharge current and the Av/Ac at the threshold 
value is determined in advance and stored in a 
predetermined memory means. Using the necessary relation, 
determination is made depending on the charge/discharge 
current . 
[0083] 

Current integration for obtaining Ac may be 
performed only near the step. It can be judged from the 
voltage of the electrochemical device that the 
electrochemical device has a remaining capacity close to 
that corresponding to the step. It is thus preferred that 
the remaining capacity detector have a step detector for 
detecting that the electrochemical device has a remaining 
capacity close to that corresponding to the step, and that 
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current integration be started based on the signal from the 
step detector. When the Av/Ac obtained from the current 
integration is determined to be equal to the Av/Ac at the 
threshold value that has been predetermined depending on 
the charge /discharge current, the remaining capacity of the 
electrochemical device is reset to a predetermined value 
corresponding to the threshold value. 
[0084] 

FIG. 6 is a block diagram of an exemplary power 
system in which the remaining capacity detector resets the 
remaining capacity based on current integration. This 
power system has the same configuration as that of the 
power system of Embodiment 2, except that the remaining 
capacity detector has a step detector for detecting that 
the remaining capacity of the electrochemical device is 
close to that corresponding to the step and a current 
integrator, instead of the correction standard calculator 
and the correction value calculator. Specifically, this 
power system includes a power generator 61 , an 
electrochemical device 62 and a load device 63, and the 
charge/ discharge of the electrochemical device 62 is 
controlled by a charge/discharge controller 64. A 
comparator 65 monitors the voltage of the electrochemical 
device 62 and compares the voltage with a threshold value. 
The threshold value is applied to the comparator 65 by a 
reference power source 66. 
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[0085] 

The electrochemical device 62 is connected to a 
current meter 604 in series. The current meter 604 is in 
communication with a current integrator 68, which is 
included in a remaining capacity detector 67. When a step 
detector 69 detects from the voltage of the electrochemical 
device that the remaining capacity is close to that 
corresponding to the step, the current integrator 68 starts 
integration of current detected by the current meter 604. 
[0086] 

The remaining capacity detector 67 has a function 
of starting current integration when it detects, based on 
the output of the comparator 65, that the remaining 
capacity of the electrochemical device is close to that 
corresponding to the step, and of resetting the remaining 
capacity of the electrochemical device to a predetermined 
value when it detects that the rate of voltage change 
relative to the capacity of the electrochemical device: A 
V/Ac is equal to the Av/Ac at the threshold value that 
has been predetermined depending on the charge/discharge 
current. Based on the remaining capacity after reset, the 
charge/discharge controller 64 switches between charge and 
discharge of the electrochemical device 62 to make the 
remaining capacity approach the predetermined value. 
[0087] 

It should be noted that when the electrochemical 
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device deteriorates, the charge/ discharge curve shrinks 
while maintaining the shape of the curve. This property 
may be utilized to correct the remaining capacity. For 
example, the scale of the step decreases as the 
charge/discharge curve shrinks. Hence, when current 
integration is performed near the step, for example, the 
scale of the step can be determined from the spacing 
between two given Av/Ac values sandwiching the inflection 
point, and based on the obtained scale of the step, the 
remaining capacity can be corrected. 
[0088] 

The systems according to Embodiments 2 and 3 have 
a slightly complicated circuit structure, but they permit 
reliable measurement of the remaining capacity. Thus, they 
can prevent the electrochemical device from being fully 
charged or fully discharged, so that the system reliability 
is heightened. 
[0089] 

In Embodiment 2, the correction standard 
calculator may have a capability of correcting a 
predetermined function when it determines that the voltage 
of the electrochemical device is equal to the threshold 
value, or when it determines that the rate of voltage 
change relative to the capacity of the electrochemical 
device: Av/Ac is equal to the Av/Ac at the threshold 
value that has been predetermined depending on the 
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charge/discharge current. 

Industrial Applicability 
[0090] 

The present invention is useful in power systems 
having a power generator, such as a fuel cell, and is 
applicable to uses including electric vehicles, such as 
electric cars and hybrid cars, and portable electronic 
appliances , such as notebook personal computers . 



